Abstract Carcinomas arising from thyroglossal duct remnant cysts (TGDCs) are rare, without well-defined management and staging criteria. All TGDCs (n = 685) diagnosed between 2005 and 2015 were retrospectively reviewed, with 22 carcinomas identified (3.2 % incidence). Twenty-two patients (17 females, 5 males), aged 12-64 years (mean 39.9 years; median 39 years) were identified. An anterior, superior midline neck mass was the presenting symptom in all patients. A cancer diagnosis [all papillary thyroid carcinoma (PTC)] was made after the Sistrunk procedure (SP), with a Bethesda Category V or VI classification preoperatively by fine needle aspiration in 5 of 12 cases tested. A SP was performed in all patients, with total thyroidectomy concurrently (n = 4) or subsequently (n = 12). A selected neck dissection was performed in 5 patients, with metastases found in 3. Of the patients who had a thyroidectomy, syn-
Introduction
The thyroglossal duct is part of the embryonic development of the thyroid gland, evolving as a tract, which forms during descent of the thyroid gland from the ventral aspect of the pharynx. Following caudal migration of the thyroid gland, the thyroglossal duct atrophies and disappears between the 7th and 10th weeks of gestation. In a minority of individuals, the thyroglossal duct does not undergo complete involution. Persistent remnants of the thyroglossal duct may manifest clinically as thyroglossal duct remnant cysts (TGDCs), characteristically presenting as a mobile midline anomaly in the anterior neck [1] [2] [3] [4] .
On rare occasions, malignancy may develop within a TGDC. The reported incidence of carcinoma occurring in TGDCs ranges from \1 to 19.6 % [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , although probably more in the 2 % range when referral and academic bias are removed from consideration [4] . The vast majority of TGDC carcinomas (TGDCCa) are papillary thyroid carcinomas (PTCs), thought to originate from the ectopic thyroid gland tissue which is commonly (approximately 70 % of cases) found in association with TGDCs [2, 4, 7, 9, [16] [17] [18] [19] [20] [21] [22] . The clinical presentation of TGDCCa do not differ significantly from that of nonneoplastic TGDC, although a fixed mass is worrisome, with most cases of malignancy diagnosed postoperatively following pathologic evaluation of the lesion [2, 17, 20, 21] . Given the rarity of TGDCCa and the frequent incidental nature of the diagnosis, clinical management of these tumors remains controversial particularly in regards to the need for thyroidectomy and the need for staging of the tumors [3, 8, 12, 16, 20, 23, 24] .
Currently, the American Joint Committee on Cancer (AJCC) staging (2010) criteria for cancer of thyroid gland tumors is not consistently applied to these tumors and has not been recommended [6, 8, 20, 22, 25, 26] . This study of a community practice based series of TGDCCa is presented with analysis of histopathologic features and recommendations of the use of staging to alter therapeutic management.
Materials and Methods
Six hundred eighty-five cases of TGDC were retrieved from the files of the Pathology Departments of the Southern California Permanente Medical Group hospitals between June 2005 and June 2015. All hematoxylin and eosin stained slides were reviewed (range 1-34 slides; mean 3 slides per case). The clinical data, treatment, and followup information were obtained from the electronic medical records augmented by the surgical pathology reports. Overall, 22 patients from this cohort had carcinoma. Fine needle aspiration was performed preoperatively in 12 of 22 patients. Imaging studies were performed (computed tomography [CT] = 17; ultrasound [US] = 5; magnetic resonance imaging [MRI] = 2; radioisotope thyroid scanning = 1) to document the extent and location of the disease. Data recorded included: tumor focality (unifocal, multifocal); tumor encapsulation (presence or absence); soft tissue extension (defined as tumor microscopically present within adipose tissue, skeletal muscle, adjacent to nerves, adjacent to medium-sized vessels); capsular invasion (tumor penetration through the capsule by [50 % of the capsule thickness); lymphovascular invasion (tumor plugging a vascular channel within or immediately beyond the tumor capsule; tumor attached to the vessel wall; presence of associated thrombus); intratumoral fibrosis; architectural pattern of growth (papillary, follicular, solid, cystic, trabecular, insular); irregularly shaped/ twisted/elongated follicles; tumor necrosis; increased mitotic rate ([3/10 HPFs); presence of lymph nodes (central compartment, perithyroidal, cervical) and presence of metastatic disease. All cases were staged by the American Joint Committee on Cancer (AJCC) staging (2010) criteria [27] , understanding that soft tissue extension moved the tumor to the pT3 category. This clinical investigation was conducted in accordance and compliance with all statutes, directives, and guidelines of an Internal Review Board authorization (#5968) performed under the direction of Southern California Permanente Medical Group.
Results

Clinical Features
Among 685 patients with TGDCs, 22 (3.2 %) had TGDCCa (Table 1 ). There were 17 females and 5 males with a mean age at diagnosis of 39.9 years (range 12-64 years). A midline neck mass was the most common initial clinical presentation, observed in 20 patients. Fifteen were located in the infrahyoid region and 7 were located above the hyoid bone. The masses were most typically mobile, though fixation to the surrounding tissues was noted in 2 patients. Clinical infection was reported in 4 patients. The duration of symptoms ranged from 0.25 to 156 months with a mean of 21.5 months.
Preoperative radiographic evaluation was performed in 21 patients. The imaging modalities employed included CT only in 13 patients, US only in 2 patients, and MRI and radioisotope thyroid scanning in 1 patient each. Both CT and US were performed in 3 patients, while CT and MRI were performed in 1 patient. By imaging studies, the lesions ranged from 0.7 to 3.2 cm in greatest dimension with an average size of 1.9 cm. All were described as cystic, with an associated enhancing solid nodule present in 9 patients (Fig. 1) . In 3 of these patients, the presence of calcifications was also noted within the solid component. Twelve patients underwent fine needle aspiration (FNA) of the cystic mass prior to surgery. Utilizing the Bethesda System for reporting thyroid cytopathology, the aspirates were classified as follows: Category I (n = 2), Category II (n = 4), Category IV (n = 1), Category V (n = 2), Category VI (n = 3).
Pathologic Features
On gross examination, the lesions were described as cysts that ranged from 0.8 to 5.0 cm in greatest dimension (mean 2.3 cm). Associated solid or nodular areas were observed in 12 cases, but the cystic component of the lesion was always the dominant finding. All neoplasms were PTCs that varied from 0.1 to 3.8 cm (mean 1.4 cm). Seven (32 %) were ''microscopic'' measuring 1.0 cm or less in diameter. Histologically, characteristic nuclear features of PTC were present including enlargement, crowding, irregular contours, grooves, chromatin clearing, and pseudoinclusions (Figs. 1, 2, 3). The tumors exhibited a papillary and/or follicular architecture with stromal sclerosis and an infiltrative pattern of growth.
A fibrous connective tissue capsule was present in 11 tumors, with capsular invasion identified in 9. Eleven tumors showed lymphovascular invasion. Extension of tumor into the adjacent soft tissue was observed in 13 cases (Fig. 4) , involving adipose tissue (n = 11), skeletal muscle (n = 10), and/or perineural/perivascular tissues (n = 10). The margins were positive in 6 cases, 5 of which exhibited soft tissue extension by tumor. None of the tumors exhibited histologic features of other recognized variants of PTC.
All carcinomas were associated with TGDCs lined by squamous epithelium (n = 8), ciliated respiratory type epithelium (n = 6), or a combination of the two (n = 8). Ectopic nonneoplastic thyroid gland tissue was present in all cases (Figs. 1, 2, 3 ), which ranged from 0.1 to 1.8 cm (mean 0.6 cm). The thyroid gland tissue was predominantly localized to the cyst wall (n = 15), but was also observed in surrounding skeletal muscle (n = 6) and adipose tissue (n = 1).
Total thyroidectomy was performed in 16 patients. A synchronous malignancy was identified in the thyroid gland of 7 patients. The thyroid glands from 6 patients contained foci of papillary carcinoma ranging from \0.1 up to 1.1 cm, with most (11 of 12) tumors being microscopic (measuring 1.0 cm or less by definition). Tumors were present in both thyroid lobes in 4 patients. One patient had a minimally invasive follicular carcinoma measuring 1.2 cm. 
Clinical Treatment and Patient Outcome
A Sistrunk procedure was performed in all patients. Total thyroidectomy was performed in 16 patients in addition to the Sistrunk procedure (12 as a second procedure and 4 concurrently). Additional tumors were identified in 7 of the 16 patients having undergone total thyroidectomy. These were papillary carcinomas in 6 patients and a follicular carcinoma in 1 patient as noted above.
Neck dissection of the central and/or lateral compartments was performed in 5 patients. Lymph node metastases were identified in 3 patients (Fig. 3) . The involved lymph nodes were located adjacent to the cyst in 2 patients and involved central and lateral neck lymph nodes in one patient. Of the 3 patients with lymph node metastases, 1 had multiple foci of papillary carcinoma involving both lobes of the thyroid while 2 had normal thyroid glands, uninvolved by papillary carcinoma. The TGDC associated tumor in 2 of these patients showed extension into surrounding soft tissues.
The mean MACIS score was 4.76 (range 3.28-6.92). The majority (82 %) of patients had scores \6, while 4 patients were in the 6-6.99 score group. Applying AJCC staging criteria as currently defined for the thyroid gland, 21 patients were stage group I, and 1 patient was stage group II. However, if tumor involvement of soft tissue outside of the cyst was considered equivalent to extrathyroidal extension as in the thyroid gland proper (pT3), 15 patients were staged group I, and 7 patients were staged group III. All group III patients were 45 years or older. Postoperative radioactive iodine therapy was administered in 13 patients.
Follow up information was available for all patients with a mean duration of 3.8 years (range 0.4-10.8 years). One patient with a 1.0 cm TGDC carcinoma with soft tissue extension and bilateral microscopic papillary carcinomas of the thyroid gland recurred with cervical lymph node metastasis 57 months after initial treatment. All patients were otherwise free of disease. No tumor associated mortality was identified.
Discussion
While TGDCs are among the most common pathologic lesion affecting the neck, carcinomas arising from TGDCs are rare. Due to their rarity, there have been few large series of TGDCCa reported in the literature. Prior studies Table 2 [6-15, 21, 22, 25, 26, 28-35] . The reported incidence of malignancy in TGDCs ranges from \1 to 19.6 % [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] , however in the present community practice based series, 3.2 % of TGDCs contained an associated carcinoma. As these cases were identified among all TGDCs reviewed during a consecutive 10 year period without referral or academic center bias, this observed rate may be more reflective of the true incidence of TGDCCa.
Unlike nonneoplastic TGDCs, which show no gender predilection [2] [3] [4] , TGDCCa affect women more frequently than men with a 3:1 female to male ratio observed in the present series, or 2.3:1 overall when including the literature ( Most patients present with a mobile midline neck mass, clinically indistinguishable from benign TGDC [2, 13, 17, [19] [20] [21] . The finding of a fixed mass has been emphasized as a possible indicator of malignancy [3, 20, 36] , but was present in only 2 patients in this series. TGDCCa are thus difficult to identify preoperatively, with the majority diagnosed after pathologic evaluation of the excised specimen.
FNA of TGDCCa has a reported true positive rate of 53 % and a false negative rate of 47 % [37] [38] [39] [40] . This is consistent with the findings of the present series, which yielded a suspicious or definitive diagnosis of malignancy in 5 of 12 (42 %) patients in which preoperative fine needle aspiration was performed. This lack of efficacy has been attributed largely to poor cellular yield secondary to the cystic nature of the lesion and the often relatively small size of the malignant component [37] [38] [39] [40] [41] [42] [43] .
A diagnosis of malignancy within a TGDC is similarly difficult to establish based on preoperative radiographic studies. While the presence of a solid component, mural nodule, or calcifications within an otherwise cystic midline neck mass by CT and MRI have been suggested as features useful for recognition of a carcinoma within a TGDC [44] [45] [46] [47] [48] [49] , this particular radiographic appearance was documented in only 9 patients in this study.
Histologically, the vast majority of TGDC associated malignancies are PTCs. Follicular carcinoma, squamous cell carcinoma, and various other histologic types of thyroid epithelial neoplasms have been described but are considered extremely rare [2, 3, 15, 17-20, 22, 23] . TGDC PTCs are morphologically identical to those arising in the thyroid gland and can be recognized by their papillary and or/follicular architecture, the presence of classical PTC nuclear features, and frequently infiltrative pattern of growth [22] . Soft tissue involvement of pericystic soft tissues by tumor is a common finding, observed in 59 % of cases in the present study.
TGDCCa are thought to represent primary neoplasms arising from ectopic thyroid gland tissue commonly found in TGDCs [7, 9, [17] [18] [19] [20] [21] . There is, however, theoretic consideration that these tumors may represent metastases from a primary carcinoma of the thyroid gland [50] . While the presence of a concurrent papillary carcinoma of the thyroid gland has been reported in 17-83 % of patients with TGDCCa who have undergone thyroidectomy [6-14, 21, 22, 25, 26, 28-32, 34, 35] , the thyroid gland tumors are microscopic in most instances, and the synchronous neoplasms considered as multifocal independent primary carcinomas [12, 16, 20, 22] .
Given the midline cervical location of TGDCCa, separating this lesion from a PTC of the thyroid gland involving the pyramidal lobe or metastatic to the Delphian lymph node is an important consideration [8, 16] . Distinction between these lesions can be problematic as evidenced in a recent study in which only 4 of 28 cancers initially classified as TGDCCa could be confirmed as such following detailed pathologic evaluation [16] . The presence of nonneoplastic thyroid parenchyma surrounding a PTC would favor a pyramidal lobe primary, while the finding of a dense lymphoid stroma associated with the tumor would support a Delphian node metastasis, though these histologic features should always be interpreted in the context of the clinical and radiographic findings.
A diagnosis of a primary TGDC carcinoma requires the histologic demonstration of an associated thyroglossal duct remnant lined by respiratory epithelium, squamous epithelium, or a combination of both. Identification of ectopic thyroid gland tissue further confirms the diagnosis [4, 9] . Some also recommend documentation of a normal thyroid gland that is free of malignancy prior to classifying a tumor unequivocally as a TGDC carcinoma [16, 18, 51] . This recommendation is difficult to satisfy in practice, however, as not all patients will undergo total thyroidectomy. In addition, synchronous thyroid gland and TGDC malignancies may represent independent primary tumors and do not necessarily indicate metastatic spread from the former to the latter site [16, 18, 20, 24] . All tumors in the present study were associated with cystic remnants of the thyroglossal duct identified histologically along with foci of ectopic thyroid gland tissue, supporting classification of these cases as primary TGDCCa.
Since TGDC malignancies are rarely recognized preoperatively, most TGDCCa are surgically managed initially as benign TGDCs. Excision via the Sistrunk procedure, which entails removal of the cyst along with the central portion of the hyoid bone as well as a core of tissue between the hyoid bone and the foramen cecum, is preferred and has been shown to be a significant predictor of overall survival [15] . Following adequate excision of the lesion, there are divergent opinions regarding further clinical management of patients with TGDC malignancies [23, 24] . While prior studies have concluded that the Sistrunk procedure alone represents adequate therapy for TGDCCa [18, 19, 21] , others advocate the need for total thyroidectomy in all patients based on data reporting a potentially high risk of unsuspected thyroid gland involvement by a synchronous intrathyroidal papillary thyroid carcinoma [5, 13, 22, 24, 28, 31] . Thyroidectomy also allows for the option of radio ablative iodine therapy and more effective use of serum thyroglobulin levels for clinical surveillance. Among patients who had a thyroidectomy in the present study, there was an overall low incidence (38 %) of concurrent papillary thyroid gland carcinoma. However the majority (67 %) of these synchronous tumors were identified in patients 45 years of age or older. This suggests that while total thyroidectomy may not be indicated in all patients with TGDC papillary carcinomas, older patients may benefit from this procedure. Regional lymph node metastases from TGDCCa have been described in 13-67 % of cases [6-14, 16, 21, 22, 25, 26, 28-35] , with 14 % of this cohort observed to have cervical lymph node involvement at the time of initial presentation. Prophylactic lymph node dissection is not recommended on a routine basis, being reserved only for patients with clinically positive nodes [15, 25] .
Risk group stratification has been suggested as a means of guiding therapeutic management of patients with TGDCCa [10, 12, 14, 15, 20, 24, 30, 52] . Patients are categorized as low or high risk based on various prognostic factors. The risk factors considered differ slightly among investigators, but in general use clinicopathologic parameters similar to those employed in the American Thyroid Association risk stratification system for differentiated carcinoma of the thyroid gland [53] . Patients \45 years of age with small tumors (cutoffs ranging from \1.0 up to 4.0 cm), exhibiting classical histology, no extracapsular spread, no vascular invasion, negative margins, no nodal or distant metastases, and a normal thyroid gland by imaging studies are defined as low risk and adequately treated by Sistrunk procedure alone. Patients not meeting these criteria are categorized as high risk and treated more aggressively with the addition of total thyroidectomy with or without lymph node dissection, and consideration of RAI therapy.
Given the various therapeutic options, utilization of a staging system would also be of value in determining appropriate treatment of TGDCCa. At present there is no stage classification system designed specifically for these tumors. The present study applied current AJCC (2010) staging criteria for cancer of the thyroid gland to carcinomas arising in thyroglossal duct cysts. In staging these tumors, involvement of adipose tissue, large nerves, perivascular tissue, and skeletal muscle was specifically considered equivalent to extrathyroidal extension in the thyroid gland and prompted assignment of the tumor to a pT3 category. This is based on the premise that the thyroglossal duct and ectopic thyroid gland tissue represent developmental extensions of the thyroid gland and thus tumors arising from these embryologic remnants would be subject to the same anatomic considerations as those originating in the thyroid gland proper. Studies have shown that the thyroid gland does not have a well-defined, fibrous connective tissue capsule [54] . Thus, even the definition of ''extrathyroidal extension'' for primary thyroid gland tumors is challenging. Further, skeletal muscle is commonly present over the isthmus or within the central neck (musculus levator glandulae thyroidae of Soemmerring).
While there is still considerable interobserver variability about the detection of extrathyroidal extension [55] , it seems that most pathologists use histologic features of tumor involving fat, skeletal muscle, nerve, and thickwalled vessels as major criteria to represent microscopic extrathyroidal extension [55] , and thus similar criteria were employed here. In the present series, the majority of cases were staged group I (68 %) with the remainder, when using soft tissue extension criteria, group III (32 %). All group III patients were 45 years of age or older. It is important to remember that microscopic (minimal) soft tissue extension, while moving a tumor to the pT3 primary group, does not alter the overall group in patients \45 years. Thus, patient age is the most significant stage prognosticator. The one patient in this study who developed recurrent disease was classified stage group III. Clinical outcomes in this study were in keeping with these stage groupings as all patients were alive and without evidence of disease at last follow up (mean 3.8 years). Thus, based on data in this series and in the literature, patients \45 years of age with soft tissue (''extrathyroidal'') extension can be conservatively managed with a Sistrunk procedure only. Patients C45 years of age with soft tissue (''extrathyroidal'') extension should be classified as having a Group III tumor, and thus managed with follow-up completion thyroidectomy, appropriate for pT3 category tumors.
TGDC PTCs are associated with an excellent prognosis. They are generally indolent tumors with a small potential for locoregional recurrence [8, 10, 14, 15, 22, 25, 28, 30-32, 34, 35] . While no patients in this cohort had an adverse outcome, there have been rare reported cases of distant metastases and disease related mortality [10, 25, 31, 35] .
Conclusion
Carcinomas associated with TGDCs are rare. The majority of these neoplasms are PTCs, likely arising from cyst associated ectopic thyroid gland remnants and representing primary tumors of cyst origin rather than metastatic disease from the thyroid gland. Patients are typically female in the 4th decade of life. Clinical presentation overlaps with that of benign TGDCs and diagnosis is usually established following surgical excision. The tumors are generally small, though not uncommonly involving adjacent soft tissues. Microcarcinomas, 1 cm or less in size in patients \45 years, are best managed conservatively by Sistrunk procedure alone. Complete thyroidectomy is recommended for tumors larger than 1 cm and in patients 45 years or older, as older patients have a higher incidence of concurrent papillary carcinoma of the thyroid gland and typically present with higher stage disease. Although there is no accepted stage classification system for papillary carcinoma developing in TGDCs, staging of these tumors based on AJCC (2010) criteria for thyroid gland malignancies, with specific consideration of soft tissue extension as equivalent to extrathyroidal extension, is advocated in order to guide treatment decisions and standardize management of these rare tumors.
